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a b s t r a c t
The relative contributions of environmental and spatial processes in macroinvertebrate
community structure (i.e., β-diversity) for three functional groups classified on the basis of
dispersal ability andmicrohabitat selection (seagrass-associated [SA], drift-faunal [DF ], and
benthic-faunal [BF ] groups)were examined in a seagrass ecosystemalong the Sanriku coast
of Japan. Variation partitioningwas conducted to explain the environmental heterogeneity
and spatial arrangement of local communities (i.e., degree of variation in the community)
for each functional group. Processes determining community structure and metacommu-
nity type differed among the functional groups. The SA group was under greater influence
of environmental control, whereas the fractions of β-diversity in the DF and BF groups
were explained by only spatial predictors. Thus, even if macroinvertebrate communities
live in the same ecosystem, different mechanisms may determine the functional commu-
nity structure, which depends on ecological traits such as dispersal ability and microhabi-
tat. Ecological processes underlying community assembly differ among functional groups,
indicating that the existence and/or dynamics of seagrass patches may affect the variation
of faunal functions in an ecosystem.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
In faunal communities inhabiting plant leaves and rhizomes (e.g., macro- and microinvertebrates), the quantity and/or
quality of environmental variations (including microhabitat structures on living plants) as well as the dynamics of the
spatial distribution pattern of the vegetation determine the dynamics of species diversity, functional diversity, and/or the
composition (i.e., β-diversity) of the faunal communities (e.g. Wiens, 1976; Bascompte et al., 2003; Pandit et al., 2009).
Especially, when vegetation has a heterogeneous and patchy distribution pattern, differences in ecological traits among
faunal species, such as the capability of dispersing amongpatches and thedegree of associationwith the vegetation as habitat
(i.e., generalists vs. specialists), have strong effects on the relative contributions of environmental and spatial processes in
determining faunal community structures (e.g. Hovel, 2003; Leibold et al., 2004; Boström et al., 2006). A faunal community
living in such patchily distributed habitat has been given to the set of local communities linked by the dispersal of multiple
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potentially interacting species, that is, the metacommunity (e.g., Hubbell, 2001; Holyoak et al., 2005; Logue et al., 2011;
Martiny et al., 2011; Chust et al., 2013a,b.
The relative importance of environmental and spatial processes in determining community structures has been evaluated
in various local community forms patches in both terrestrial and coastal landscapes, such as ponds, lakes, streams, estuaries,
marine pelagic areas, tide pools, and intertidal rocky shores (Cottenie, 2005; Mykrä et al., 2007; Lindo and Winchester,
2009; Pandit et al., 2009; Pinto and MacDougall, 2010; Fiorentino et al., 2012; Chust et al., 2013a). In these studies, the
relative contributions of environmental and spatial processes were evaluated in each taxonomic group (e.g., phytoplankton,
zooplankton, macro-algae, molluscs), because the relative importance of these two mechanisms varied depending on
community characteristics such as ecological traits (e.g., dispersal ability, habitat type, life history, and trophic level).
Therefore, each taxonomic group has been defined as an ecological trait group (Beisner et al., 2006; Okuda et al., 2010;
Heino et al., 2012). However, mechanism of community assembly (e.g., metacommunity type) in case of evaluation in
each taxonomic group are often difficult to explain, because formation of taxonomic groups results in interaction between
phylogenetic and ecological responses in conflict between adaptive divergence and convergence (e.g.Wardle andZackrisson,
2005; Wright et al., 2006; Hájek et al., 2011; De Bie et al., 2012; Brooks et al., 2012).
For example, the species-sorting (SS)+mass-effect (ME)metacommunity type is likely to emergewhen using taxonomic
groups (Pinto and MacDougall, 2010; Logue et al., 2011). This is because the differences in ecological traits among higher
taxonomic groups has ensured evolutionarily sufficient variation in a heterogeneous environment with associated niche
differentiation (SS) and/or source–sink population dynamics (ME) among the species in each taxonomic group of the
communities (e.g., Holyoak et al., 2005; Pandit et al., 2009). Actually, Cottenie (2005) grouped four types ofmetacommunities
in ameta-analysis by collecting 158publisheddatasets of higher taxonomic groups (e.g., phytoplankton, plants, zooplankton,
macroinvertebrates, fishes, and birds) and found that most datasets (73%) were structured by a mixed SS+ME type, with
only 8% showing the neutral model (NM) and/or patch dynamics (PD) type (NM/PD type). Many other studies focusing on
higher taxonomic groups, such as birds, fishes (Logue et al., 2011; De Bie et al., 2012), diatoms, bryophytes, invertebrates
(Mykrä et al., 2007; Hájek et al., 2011; De Bie et al., 2012; Heino et al., 2012; Chust et al., 2013b), macro-algae, sessile
invertebrates, andmobilemolluscs (Pandit et al., 2009; Okuda et al., 2010), also concluded that environmental heterogeneity
related to niche explanations tended to be more important to community structure than spatial arrangement associated
with dispersal processes (i.e., the SS+MEmetacommunity type was most prevalent). However, these suggestions are being
intensely debated in community ecology as considerable controversy surrounding neutral theory (i.e., NM/PD dynamics).
Considering importance of the species assembly process in neutral theory, reports of only a limited fraction of the NM/PD
dynamics in real metacommunities is incongruous against theoretical progression of neutral theory in community ecology
(Hubbell, 2001; Logue et al., 2011; Martiny et al., 2011; Chust et al., 2013b). For example, it is possible that NM/PD dynamics
(i.e., stochastic dynamics) of metacommunities may be contained within SS+ME dynamics (i.e., deterministic dynamics) in
empirical studies.
Here, we expect that communities should be distinguished based on pure ecological traits, because ecological traits such
as dispersal ability and/ormicrohabitat selection among species of the same taxonomic group are not necessarily similar and
are sometimes quite different. In addition, there are numerous reports of similar ecological traits among species in different
taxonomic groups due to evolutionary convergence (e.g.,Wardle and Zackrisson, 2005;Wright et al., 2006;Hájek et al., 2011;
De Bie et al., 2012; Brooks et al., 2012). Therefore, rather than classifying communitymembers based on taxonomy, we focus
on ecological traits and functions to classify specific ecological groups to evaluate the relative roles of environmental and
spatial processes in determining community structure.
By using groups and diversity based on ecological traits, i.e., ‘‘functional group’’ and ‘‘functional diversity’’, that is the
value and range of functional traits and ecosystem function of organisms present in a community (e.g., Mouillot et al.,
2013; Storkey et al., 2013), can lead to elucidate community assembly rules and/or ecosystem processes (Yamada et al.,
2011; Matsuzaki et al., 2013; Sasaki et al., 2014). Functional diversity was measured based on the values and range of
ecological traits of species such as microhabitat, dispersal ability, habitat type, life history, and trophic level (e.g., Schleuter
and Daufresne, 2010). Particularly in the measurement of functional groups, these ecological traits are used as criteria for
classifying functional subgroups (e.g., Bellwood et al., 2004; Wardle and Zackrisson, 2005; Wright et al., 2006; Yamada
et al., 2007a, 2010; Brooks et al., 2012). In this study, we focus on the functional groups when evaluating the relative roles
of environmental and spatial factors in determining community structure. We expect that the relative importance of these
two processes will differ depending on functional groups rather than taxonomic groups (e.g., Cottenie, 2005; Hájek et al.,
2011; De Bie et al., 2012). If the relative importance of environmental and spatial processes differs among functional groups
in determining community structure, then the mechanisms involved in community assembly also differ among functional
groups. For example, the functional group community dynamicsmay be explained by the SS+ME type as well as other types
(e.g., the NM/PD type). Furthermore, based on differences in community structure patterns among groups with different
ecological functions, we can also discuss differences in the utilization of plant patches as habitat by each functional group,
that is, the variation (i.e., dynamics) of functions.
Seagrass forms patches on the sandy bottom in shallow estuaries and marine coastal habitats (e.g. Vellend and Geber,
2005; Phinn et al., 2008; Yamakita et al., 2011). The presence of seagrass increases habitat complexity and provides living
space, shelter, and feeding and nursery grounds for a greater variety and abundance of faunal species than in adjacent
unvegetated habitats (Connolly and Hindell, 2006; Horinouchi, 2007). Thus, seagrass beds are highly productive near-shore
habitats and are commonly regarded as distinct from adjacent ecosystems. Many faunal species move from one seagrass
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patch (bed) to another. Such interpatch movement is related to dispersal ability in open systems such as metacommunities
(Hovel, 2003; Vellend and Geber, 2005; Boström et al., 2006; Reed and Hovel, 2006; Chust et al., 2013a).
The aim of this study was to examine the relative importance of environmental (especially focusing on habitat structure
and geographic arrangement) in spatial processes in determining community structure. We investigated three functional
groups ofmacroinvertebrate communitieswith different ecological traits in seagrass beds at six bays along the Sanriku coast,
Japan. Because each bay along this coast is a semi-closed (i.e., semi-independent) systemdue to the deeply indented coastline
(i.e., rias coastline) in the open coastal region (Fig. 1), seagrass patches in bays are one of the best systems with which to
compare the relative contributions of environmental and spatial processes in macroinvertebrate community structure. The
hierarchical spatial structure of bays and seagrass patches (beds)means that there is both interbay and interpatchmovement
related to the dispersal ability of each functional group, thus giving us a better understanding of open systems such as
metacommunities. To address these objectives, spatial autocorrelation was extracted by principal coordinate analysis of
neighbormatrices (PCNM) (Borcard and Legendre, 2002).We conducted redundancy analysis (RDA) and performed variation
partitioning to evaluate the relative environmental and spatial contributions to the community assembly for each functional
group.
2. Materials and methods
2.1. Study area
When studying community dynamics in an open system, it is important to choose the proper spatial extent and resolution
of communities corresponding to the dispersal ability of the focal communities, groups, and species, because the relative
importance of environmental and spatial predictors commonly depends on spatial scale (e.g. Nakaoka et al., 2005; Tsujino
et al., 2009; Okuda et al., 2010). Numerous empirical studies have shown that the dispersal of many macroinvertebrate
species and convergence of the variation of community structure (as well as functional diversity) are at themeso-scale level
(i.e., tens of kilometers; Hovel, 2003; Boström et al., 2006; Reed and Hovel, 2006; Yamada et al., 2011). Therefore, our study
area was established in the seagrass bed spanning six rias-type bays located within tens of kilometers of one another along
the Sanriku coast, northeastern Japan. In each bay, three spatially nested vegetated sites were established for the collection
of macrofaunal community data (sites A–R, n = 18, Fig. 1). Patchy seagrass vegetation has been reported in the shallow
sandy coastal area of all six bays (e.g., Nakaoka et al., 2003; Ishiguro et al., in press).
2.2. Sampling procedure
The macroinvertebrate sampling was carried out from late July to early August in 2005. Samples were collected using
an epibenthic sledge (40-cm height, 60-cm width, 500-µm mesh) that was towed horizontally for 50–90 m (ca. 3 min at
0.3–0.5 m s−1) at each site (1.0–11.1 m depth, Table 1). The actual distance of each tow was measured using a GPS plotter
(eTrex Vista HCx, Garmin). Great care was taken when towing the sledge so that it did not overturn and so the mouth was
not clogged by seagrass leaves and other debris. Although an epibenthic sledge collects macroinvertebrates along with a
large amount of seagrass leaves, it does not remove all the seagrass in the towing area. Therefore, our sampling is regarded
as semi-quantitative, with those macroinvertebrate species associated tightly with seagrass possibly being underestimated
(e.g. Yamada et al., 2007a, 2010). A total of 18 samples were collected during the daytime and at mid-tide to minimize the
effect of tidal flow. Samples were preserved in 10% formalin in seawater.
In the laboratory, samples were washed and seagrass leaves were removed. The samples were then carefully washed
again using 1-mm sieves to remove other debris. Thus, the abundance of macroinvertebrates smaller than 1 mm are likely
underestimated. The collected macroinvertebrates were first classified into six taxonomic groups (shrimp, gastropods,
amphipods, isopods, tanaids, and mysids), and then identified to the species level. Finally, we counted the numbers of
individuals in each species. Although some polychaetes were also captured in some samples, polychaete data were not used
in the analyses because their densitywas quite low (<0.01%). To reduce heterogeneous variance associatedwith the positive
correlation between mean and standard deviation, abundance data were log(x+ 1) transformed prior to the analysis.
2.3. Environments estimation
Many studies have suggested that the complexity of the vegetation as microhabitats for macroinvertebrate species
and the patch dynamics of seagrass beds (i.e., the distributional dynamics of seagrass) strongly affect macroinvertebrate
community structure, and also that leads to evaluation of the suitability of seagrass vegetation formacroinvertebrate species
(e.g., Vellend and Geber, 2005; Connolly and Hindell, 2006; Horinouchi, 2007; Chust et al., 2013a). Therefore, we focused on
two types of environmental factors: (1) habitat structure (i.e., state of vegetation) as ameasure ofmicrohabitat dynamics, and
(2) geographic arrangement of seagrass patches at each sampling site as a measure of the habitat distributional dynamics.
The study area and the habitat of seagrass were shallowwith sandy bottom. Themedian andmaximumwater depths for the
study area are 4.2 m and 11.1 m, respectively (Table 1). Therefore, to measure the habitat structure for macroinvertebrate
species, fieldwork using SCUBAwas also carried out during each sampling.Wehaphazardly placed five quadrats (0.5×0.5m)
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Fig. 1. Location of the 18 study sites (A–R) established in the seagrass bed of six rias-type bays along the Sanriku coast, northeastern Japan. The seagrass
bed consists of Zostera caespitosa and Zostera marina in Yamada Bay (32 km2 , with four small and the mid-sized rivers flow), Zostera caulescens, Z. marina
and Zenaida asiatica in Funakoshi Bay (9.4 km2 , with five small rivers flow), Z. caulescens and Z. marina in Otsuchi Bay (20.2 km2 , with two small rivers),
Z. marina and Z. caulescens in Hirota Bay (37.1 km2 , with seven small rivers and a large river flow), Shizugawa Bay (46.8 km2 , with eight small rivers flow)
and Samenoura Bay (8.6 km2 , with three small rivers flow).
Table 1
Environmental factors associatedwith ecological mechanisms, the habitat structure (i.e., stage of vegetation) and the geographical arrangement of seagrass
patches at each sampling site, that determine macroinvertebrate community structure in seagrass ecosystem.
Measured environmental parameter Spatial
scale
Range Remarks Abbreviations
Location traits
Depth (m) Site scale 1.0–11.1 – Depth
River index Site scale 0–0.28 – River
Shore angle (°) Site scale 3.7–313.3 – Sh.Angle
Horizontal distance from shore (km) Site scale 0.03–1.30 – Dst.shore
Seagrass traits
Seagrass speciesa Site scale 1–5a – S.species
Shoot density (m−2) Site scale 23.2–13.5 – Shoot
Maximum length of shoot (mm) Site scale 527.5–1324.1 – S.Length
Seagrass biomass and Site scale 17.8–119.1 Biomass (d-wt g) S.Bioms
Maximum leaf area index (mLAI)b 0.09–3.05 mLAI (m−2)
Ratio of flowering shoots Site scale 0–0.91 F.ratio
Bay geographical traits
Bay-mouth angle (°) Bay scale 41.9–234.8 – Bay-angle
2.0–6.6 Bay-mouth width (km)
Bay-size traitsc Bay scale 8.6–46.8 Bay area (km2) Bay-s.traits
3.0–8.1 Bay complexity (km km−2)
a Seagrass species were classified into five rank categories based on differences in morphology of each seagrass species, from small and simple
morphology to large and complex morphology: (1) Z. marina, (2) Z. caespitosa, (3) Z. caulescens, (4) mixed vegetation of Z. marina and Z. asiatica, and
(5) mixed vegetation of Z. marina and Z. caespitosa.
b Because collinearity was detected between seagrass biomass andmLAI, biomass was used in analysis as the representative value.
c Collinearity was detected among bay mouth width, area, and complexity. Therefore, these three variables were classified into three rank categories:
(1) small, (2) medium, and (3) large.
at each site. In each quadrat, we recorded water depth and time and collected the aboveground parts of all seagrasses. In
the laboratory, seagrass samples were sorted into species, and we counted the number of flowering shoots and vegetative
shoots (expressed as shoot density per unit ground area, shoot m−2). We also measured the maximum height (i.e., length
from the youngest root to the top of the blade) of flowering and vegetative shoots. Shoot lengthwas expressed as the average
length of shoots per unit ground area (m m−2). The number of leaves and leaf width in each shoot were also measured to
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calculate maximum leaf area index (mLAI). In this study, mLAI was calculated as maximum leaf length × leaf width ×
number of leaves.mLAI is the approximate one-sided leaf area per unit ground area (m2 m−2). Each shoot was dried at 60 °C
for 48 h, and the dry weight (d.w.) was measured. Total biomass (g d.w.; sum of vegetative and flowering shoots) and the
ratio of flowering shoot were estimated. Because collinearity was detected between biomass and mLAI, we used biomass
as the representative indicator (Table 1). To express differences in seagrass species composition among sites, the species
composition was classified into five rank categories based on morphological differences among species, total shoot density,
mLAI, and biomass: (1) Z. marina; (2) Z . caespitosa; (3) Z. caulescens; (4) mixed vegetation of Z. marina and Z. asiatica; and
(5) mixed vegetation of Z. marina and Z. caespitosa. These categories range from small and simple morphology to large and
complex morphology. To assess the geographic arrangement of seagrass patches at the site scale, we measured depth, river
inputs, shore angle, and horizontal distance from the shore at each site. The depth at each site was calculated from depth
data recorded by SCUBA corrected for the mean sea level. River inputs were estimated based on a river index (RI) within a
2-km radius of each sampling site (Yamada et al., 2009). RI is calculated as follows:
RI =
i
j=1
Wi
Di
,
where Wi and Di are river mouth width (km) and distance from sampling station (km) of river i, respectively. Based on RI
variables in each station. Shore angle (°) was also estimated azimuth from sampling site to shore with minimum horizontal
distances from shore. To consider the geographic arrangement of patches at the bay scale, we obtained data on the mouth
width (km), area (km2), mouth angle (°), and complexity (km km−2) for the six bays from the database of the Ministry of
the Environment Japan (Closed-Coasts Net; http://www.env.go.jp/water/heisa/heisa_net/). Collinearitywas detected among
bay mouth width, area, and complexity. Therefore, in the analysis these three variables were aggregated as an ordinal
variable representing bay size and classified into three rank categories: (1) small, (2) medium, and (3) large (Table 1).
2.4. Functional groups in the macroinvertebrate community
Macroinvertebrate species that live on and among the leaves and rhizomes of seagrasses have various ecological traits,
and many of these species exhibit multiple categorical traits (Boström et al., 2006; Reed and Hovel, 2006; Yamada et al.,
2007a, 2010). For example, ecological feeding type categories are difficult to discern in many amphipod species because
they are often feeding generalists (i.e. opportunistic feeders) that contribute to both the grazing and detritus food chains.
While, dispersal ability and/or microhabitat selection are the only ecological traits that tend to differ clearly among
macroinvertebrate species in seagrass ecosystem.
Various techniques have been developed to classify species into functional groups based on ecological traits
(e.g. Schleuter and Daufresne, 2010). Although, ideally, functional groups should be defined post-hoc using experimental
manipulations to describe the true functional role of each species (Wright et al., 2006; Halpern and Floeter, 2008), such
techniques are not realistically possible for macroinvertebrate species. Consequently, the dominant functions (functional
traits) of most macroinvertebrate species, especially small-size ones, are not well understood (Boström et al., 2006; Wright
et al., 2006; Yamada et al., 2007a;Halpern and Floeter, 2008). Therefore,we classified the functional traits by using a common
a priori method based on differences of several species traits that tend to differ clearly among macroinvertebrate species
(e.g., Bellwood et al., 2004; Wardle and Zackrisson, 2005; Brooks et al., 2012).
Macroinvertebrates were classified into three functional groups based on their life type (e.g., behavior andmobility type)
and microhabitat requirements, such as the degree of association with seagrass and benthic substrates (Boström et al.,
2006; Yamada et al., 2007a, 2010). The seagrass-associated (SA) functional group consisted of epifauna that were firmly
attached to seagrass substrates, and the benthic-faunal (BF ) functional group was comprised of fauna that were firmly
attached to benthic substrates. Macroinvertebrate species can be mobile, semi-mobile, or sessile. Species belonging to the
SA and BF groups were either sessile or semi-mobile (Boström et al., 2006; Yamada et al., 2007a, 2010). In contrast, mobile
macroinvertebrate species rarely attach themselves to seagrass blades or benthic substrates and instead continuously drift in
thewater column (e.g. Yamada andKumagai, 2012). Therefore, such specieswere classified as the drift-faunal (DF) functional
group. These functional classifications were made based on the literature summarized by Yamada et al. (2007a, 2010).
For species without literature information about association with seagrass as their habitats, we examined their habitat
requirement by observations in an indoor aquarium tank. Several leaves of Zostera spp. were planted in a tank (13 l) with
running seawater, and a number of >10 individuals of each species were added. Individual position (either on seagrass
leaves or at other sites) was then observed with a hour frequency (cf. Yamada et al., 2007a, 2010). In all examinations,
individuals of each species revealed behaviors; to stay exclusively on seagrass leaves, on the bottom or to be continuously
drift-swimming were classified into SA, BF and DF group, respectively.
2.5. Statistical analyses
To extract the spatial autocorrelation structure, we chose principal coordinates of neighbor matrices (PCNM) developed
byBorcard and Legendre (2002) fromamong the severalmethods available because it is flexible for expressing various spatial
scales and can be used in redundancy analysis (RDA). This method creates a set of explanatory variables (eigenvectors) that
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represent structure at all spatial scales from the distance matrix among the sites. In this study, 11 PCNM variables were
obtained from the geographic coordinates of each site using the statistical software R (R Development Core Team, 2008)
with the package ‘‘spacemakeR’’. The number of PCNM variables obtained from spacemakeR varies depending on the spatial
structure of local communities. The PCNMvariableswere then incorporated as explanatory variables in the RDA and selected
as relevant spatial autocorrelation in the species composition, as described below.
Prior to analysis, the Hellinger transformation (Legendre and Gallagher, 2001) was applied to the community variable
and some of the environmental rank variables (seagrass species and bay size traits; Table 1) to provide unbiased estimates of
the variation partitioning based on RDA (Peres-Neto et al., 2006). Because RDA is based on the Euclidean distances among the
sites, this method has been criticized for producing strongly distorted ordination diagrams. However, Hellinger transforma-
tion can circumvent such distortion. Among the predictor variables, the ratio of flowering shoots was arcsine-transformed.
Non-normal and heteroscedastic variables (i.e., seagrass biomass, shore angle, bay mouth angle) were log-transformed.
In the RDA for each functional group, the predictor variables were selected by a forward-selection procedure to detect
meaningful factors and to reduce a large number of factors. Variables were incorporated stepwise into the model according
to their increasing effect on the variance (contribution to the eigenvalues of the model), and a variable’s significance was
tested by comparing the model to Monte Carlo permutations (5000 times) of the null model (which does not have the
variable incremented). We set a general selection criterion (P < 0.050) and/or a rather mild selection criterion (P < 0.100)
to retain the parameters for the final models (dependence on results of the RDA) to avoid Type II errors (i.e., to avoid the
loss of meaningful variables). The RDAs and forward selection were executed with CANOCO for Windows, version 4.5.
Variation partitioning was conducted to determine the contributions of the pure components, the paired components,
and the full suite of the two factor groups for each functional group. Namely, we conducted additional RDA, including
predictors of all the two factor groups simultaneously and those of two factor group pairs. Then the relative contributions of
the pure and overlapped effects were determined based on the variations of the sole and the combined RDAs. The variation
partitioning and permutation tests were carried out using the statistical software R (R Development Core Team, 2008) with
the add-on package ‘‘vegan’’.
The significance structure of the variation partitioning, based on α < 0.05, determined themetacommunity type for each
functional group (see Leibold et al., 2004; Cottenie, 2005; Okuda et al., 2010; De Bie et al., 2012; Hájek et al., 2011). If only
spatial patterns determine the community structure, the community is recognized as having NM/PD dynamics (NM and PD
cannot be distinguished in this study due to lack of dataset andmethodology). However, if only environmental patterns drive
the community structure, the community is recognized as having SS dynamics. Finally, if both spatial and environmental
patterns determine the community structure, this was classified as SS+ME dynamics, according to Leibold et al. (2004) and
Cottenie (2005).
To reveal the environmental effect after partialing out the effect of spatial autocorrelation, we computed the pure relative
contribution of each environmental and spatial parameter in determining the community structure of each functional group.
The pure relative contribution of each environmental parameter was obtained from a partial RDA (pRDA) that excluded the
effect of spatial arrangement from the communitymatrix. The pure relative contribution of each PCNMvariablewas acquired
by a pRDA that excluded the effects of environmental parameters from the community matrix. The statistical significance
of the predictors was tested by Monte Carlo permutations, using the same procedure as described above.
3. Results
We recorded 107 macroinvertebrate species at the 18 sites (Table 2).The maximum species richness was found at site
Q, with 45 species, and the minimum was at site J, with 18 species. The most widespread species were Ampithoe spp.
(Amphipoda), C. japonica (Isopoda), and L. iridescens (Gastropoda), which were present at 17 or 18 sites. The abundance
of 66 species (18 species of Amphipoda, 11 species of Isopoda and Tanaida, 7 species of Decapoda, 10 species of Mysida,
and 20 species of Gastropoda) was less than 0.1% of total abundance. In the multivariate analysis, these rare species were
aggregatedwithin each functional group as rare-functional species (i.e., R-SA, R-BF and R-DF in Table 2) to avoid their having
an unduly large influence on the ordination and regression analysis.
RDA with forward selection was performed in each functional group, revealing 9 environmental variables and 7 spatial
variables in the SA group, 6 environmental variables and 10 spatial variables in the DF group, and 9 environmental variables
and 7 spatial variables in the BF group (Table 3). The environmental variables depth and river index and the spatial predictors
PCNM 1, 3–6, and 9were selected in all three functional groups. The relative contributions of pure and overlapping effects of
the two factorswere calculated by variation partitioning (Fig. 2).We firstly selected environmental and spatial variableswith
a general selection criterion (P < 0.050) based on result of RDA with forward selection. However, environmental variables
in DF group was selected none with a general selection criterion (Table 3). This indicates that functional-faunal assembly
in DF group was determined by spatial control, without calculating variation partitioning. However, it has possibilities of
resulting as Type II errors (i.e., the loss of meaningful variables). Therefore, environmental and spatial variables in variation
partitioning of DF group were selected with a mild selection criterion (P < 0.100) based on result of RDA with forward
selection.
The effect of combining all components of the variation partitioning explained 46.0%, 36.8%, and 19.0% of the variation of
the SA, DF, and BF group composition, respectively. For the SA, DF, and BF group compositions, 30.5% (F = 2.57, P < 0.001),
3.0% (F = 1.31, P = 0.186), and 7.6% (F = 1.44, P = 0.086) were explained by the environment and 6.5% (F = 2.44,
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Table 2
Occurrence pattern of the 107macroinvertebrate species recorded in the seagrass bed spanning six bays of the Sanriku coast, Japan. Species were classified
into three functional groups: seagrass-associated group (SA), drift-faunal group (DF ), and benthic-faunal group (BF ). Occurrence sites indicate the number
of sites (of the total 18) where each species was recorded.
Speciesa Rank Average abundance
(inds. m−2)
Proportion (%) Functional
group
Abbreviations Occurrence sites
Amphipoda
Ampithoe spp. 3 38.30 3.25 SA AMP 18
Caprella tsugarensis 4 37.03 3.15 SA CTG 14
Parapleustes spp. 6 27.99 2.38 SA PPT 16
Atylus spp. 7 23.84 2.02 BF ATL 14
Pontogeneia rostrata 9 15.50 1.32 DF PGR 14
Synchelidum sp. 10 9.86 0.84 BF SCD 12
Polychelia sp. 11 8.89 0.75 SA PCA 11
Ericthonius spp. 12 7.95 0.67 SA ECN 14
Pleustes spp. 19 4.42 0.38 SA PLT 13
Corophium spp. 20 3.76 0.32 BF CPM 9
Paradexamine spp. 21 3.73 0.32 SA PDX 13
Caprella bispinosa 23 3.46 0.29 SA CBN 3
Cerapus sp. 27 2.34 0.20 BF CPS 9
Gammaropsis spp. 30 1.90 0.16 BF GMP 9
Caprella kroyeri 32 1.68 0.14 SA CKY 11
Caprella scaura 33 1.54 0.13 SA CSR 12
Caprella acanthogaster 37 1.35 0.11 SA CAG 4
* Harpiniopsis sp. 41 0.75 0.06 BF R-BF 1
* Caprella penantis 42 0.74 0.06 SA R-SA 2
* Jassa spp. 44 0.60 0.05 SA R-SA 8
* Caprella californica 45 0.58 0.05 BF R-BF 3
* Byblis japonics 46 0.55 0.05 BF R-BF 4
*Melita sp. 48 0.50 0.04 SA R-SA 4
* Aoroides spp. 52 0.41 0.03 SA R-SA 7
* Stenothoe sp. 53 0.35 0.03 SA R-SA 3
* Caprella danilevskii 54 0.35 0.03 SA R-SA 1
* Pontocrates altamarinus 58 0.25 0.02 BF R-BF 2
* Orchomene sp. 61 0.19 0.02 BF R-BF 4
* Cypsiphimedia sp. 62 0.19 0.02 BF R-BF 4
* Terepeltopes spp. 69 0.12 0.01 SA R-SA 4
* Phoxocephalus spp. 76 0.07 <0.01 BF R-BF 2
* Ceinina japonica 84 0.02 <0.01 SA R-SA 1
* Urothoe sp. 85 0.02 <0.01 BF R-BF 1
* Listriella sp. 86 0.02 <0.01 BF R-BF 1
*Maera sp. 91 0.01 <0.01 SA R-SA 1
* Hyale sp. 102 <0.01 <0.01 SA R-SA 1
Isopoda and Tanaida
Cymodoce japonica 16 5.95 0.51 SA CJP 17
Zeuox sp. 28 2.29 0.19 SA ZUX 11
* Idotea ochotensis 57 0.26 0.02 SA R-SA 10
* Synidotea ezoensis 59 0.25 0.02 SA R-SA 2
* Asellus hilgendorfi 68 0.14 0.01 DF R-DF 2
* Synidotea laevidorsalis 73 0.09 <0.01 SA R-SA 4
* Symmius planus 77 0.04 <0.01 SA R-SA 3
* Paranthura japonica 81 0.04 <0.01 SA R-SA 1
* Cleantiella strasseni 82 0.04 <0.01 SA R-SA 1
* Idotea metallica 89 0.02 <0.01 SA R-SA 1
* Aega sp. 100 <0.01 <0.01 SA R-SA 2
* Cleantioides planicauda 106 <0.01 <0.01 SA R-SA 1
* Synidotea otsuchiensis 107 <0.01 <0.01 SA R-SA 1
Decapoda
Eualus leptognathus 8 21.34 1.81 DF ELG 15
Pagurus ochotensis 24 3.40 0.29 BF POT 6
Crangon spp. 26 2.64 0.22 DF CRG 11
Heptacarpus geniculatus 31 1.78 0.15 DF HGL 14
Pagurus proximus 35 1.49 0.13 BF PPX 10
Heptacarpus pandaloides 36 1.36 0.12 DF HPD 6
* Heptacarpus rectirostris 40 0.92 0.08 DF R-DF 5
* Spirontocaris ochotensis 66 0.16 0.01 DF R-DF 5
* Pandalus latirostris 78 0.04 <0.01 DF R-DF 3
* Lysmata sp. 83 0.03 <0.01 DF R-DF 1
* Heptacarpus grebnitzkii 95 0.01 <0.01 DF R-DF 1
* Alpheus brevicristatus 101 <0.01 <0.01 BF R-BF 1
* Hippolsymata sp. 104 <0.01 <0.01 DF R-DF 1
(continued on next page)
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Table 2 (continued)
Speciesa Rank Average abundance
(inds. m−2)
Proportion (%) Functional
group
Abbreviations Occurrence sites
Mysida
Nipponnomysis calcarata 14 6.89 0.59 DF NPC 13
Siriella longipes 15 6.27 0.53 DF SRL 7
Neomysis awatscheinsis 18 4.85 0.41 DF NMA 1
Nipponnomysis fusca 22 3.63 0.31 DF NPF 3
Siriella watasei 34 1.53 0.13 DF SRW 6
* Nipponnomysis ornata 39 0.98 0.08 DF R-DF 1
* Siriella sinesis 49 0.50 0.04 DF R-DF 2
* Exacanthomysis japonica 55 0.31 0.03 DF R-DF 2
*Mysidopsis japonica 56 0.27 0.02 DF R-DF 3
* Iiela ohshimai 64 0.18 0.02 DF R-DF 4
* Nipponnomysis takitai 72 0.09 <0.01 DF R-DF 1
* Paracanthomysis shikhotaniensis 74 0.08 <0.01 DF R-DF 5
* Paracanthomysis hispida 97 <0.01 <0.01 DF R-DF 1
* Nipponomysis perminuta 103 <0.01 <0.01 DF R-DF 1
* Acanthomysis sp. 105 <0.01 <0.01 DF R-DF 1
Gastropoda
Lirularia iridescens 1 625.34 53.11 SA LID 17
Barleeia angustata 2 226.81 19.26 SA BAG 13
Cantharidus jessoensis 5 36.42 3.09 SA CJE 15
Lacuna turrita 13 7.81 0.66 SA LTR 9
Alvania concinna 17 5.04 0.43 BF ACC 11
Siphonacmea oblongata 25 2.87 0.24 SA SOO 8
Reticunassa spurca 29 1.93 0.16 BF RTN 7
Cryptonatica andoi 38 1.17 0.10 BF CAD 2
* Euspira pallida 43 0.63 0.05 BF R-BF 4
* Reticunassa pauperus 47 0.51 0.04 BF R-BF 1
* Homalopoma amussitatum 50 0.44 0.04 SA R-SA 3
* Reticunassa fratercula 51 0.42 0.04 BF R-BF 1
* Fusitriton oregonensis 60 0.23 0.02 BF R-BF 3
* Haloa margaritoides 63 0.19 0.02 SA R-SA 1
* Reticunassa festiva 65 0.16 0.01 BF R-BF 3
*Mitrella burchardi 70 0.12 <0.01 SA R-SA 2
* Retusa insignis 71 0.11 <0.01 BF R-BF 3
* Chlorostoma turbinatum 79 0.04 <0.01 BF R-BF 1
* Boreotrophon candelabrum 80 0.04 <0.01 BF R-BF 1
* Ringicula doliaris 87 0.02 <0.01 BF R-BF 1
* Odostomia sp. 88 0.02 <0.01 BF R-BF 1
*Margarites helicinus pilsbryi 90 0.01 <0.01 SA R-SA 1
* Lacuna smithi 92 0.01 <0.01 SA R-SA 1
* Buccinum middendorffi 93 0.01 <0.01 BF R-BF 1
* Olivella fulgurata 94 0.01 <0.01 BF R-BF 1
* Haloa japonica 96 <0.01 <0.01 SA R-SA 2
* Batillaria multiformis 98 <0.01 <0.01 BF R-BF 1
* Batillaria cumingii 99 <0.01 <0.01 BF R-BF 1
a Asterisks (*) indicate rare species (<0.1% of total abundance), which were aggregated into each functional group (e.g., rare member of SA group, R-SA).
P = 0.011), 19.1% (F = 2.13, P = 0.003), and 9.4% (F = 1.92, P = 0.040) by spatial autocorrelation, respectively. Therefore,
9.0%, 14.7%, and 2.0% of the variation, respectively, could not be partialed out to either pure effect (i.e., overlapped effects;
Fig. 2). Consequently, the classification of metacommunity type differed among the functional groups, with the SA group
showing SS+ME dynamics and the DF and BF groups showing NM/PD dynamics (Fig. 2).
The effects of environmental predictors were also tested after partialing out the effect of spatial autocorrelation (pRDA
in Table 4). The contributions of the variance (λ) and P values were fairly similar to those of the individual RDA (Table 3) in
each functional group. Because the overlapping variations with the spatial autocorrelation were not prominent, subtracting
the spatial effect did not greatly affect the other factors (Fig. 2). For the SA group, however, the river index lost its significance
in the pRDA. Because the river index data are spatially structured, the spatial autocorrelation masks the river index effect.
However, we cannot draw any further conclusions until the direct effect is tested by other experiments.
To analyze the correspondence between the environmental predictors and species compositions, pRDA ordination
diagrams were constructed (Fig. 3a). In the SA group, shoot density and ratio of flowering shoots were positively and
negatively correlated with axis 1 and 2, respectively. Bay size traits were positively correlated with axis 1 and 2, whereas
distance from shorewas negatively correlatedwith axis 1 and 2. In theDF group, baymouth angle was negatively correlated
with axis 1 (Fig. 3b). In the BF group, shoot density was positively and distance from shore was negatively correlated with
axis 1 (Fig. 3c). Environmental variables conditionedwith spatial variableswere associatedwith somemacrofaunal species in
each functional group. In the SA group, C. japonica (dominant Isopoda)was associatedwith baymouth angle. C. acanthogaster,
Paradexamine spp., and C. jessoensiswere strongly associated with shoot density, and L. turritawas strongly associated with
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Fig. 2. Venn diagrams showing the fraction of variation explained by environmental and spatial predictors according to variation partitioning in each
macrofaunal functional group. Total variation is partitioned into ‘‘environment’’ and ‘‘spatial autocorrelation’’ fractions, chosen by a forward-selection
procedure in RDA (P <0.100; see Table 3). The percentages are statistically significant (*** P <0.001, NS, not significant).
the ratio of flowering shoots (Fig. 3d). In the DF group,H. geniculatuswas strongly associated with baymouth angle (Fig. 3e).
In the BF group, Alvania concinna was associated with shoot density, and two Pagurus spp. were associated with bay size
traits (Fig. 3f).
4. Discussion
Although themetacommunity structure of themacroinvertebrate community in seagrass ecosystems has been described
empirically (Hovel, 2003; Boström et al., 2006), we still lack a robust understanding of its patterns. This study revealed that
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a
b
c
d
e
f
Fig. 3. Partial RDA ordination diagrams of (a)–(c) 18 sites (A–R) along the Sanriku coast and (d)–(f) macrofaunal community structure in relation to
forward-selected variables (see Table 4). The abbreviations of the environmental factors and species names are listed in Tables 1 and 2, respectively.
the patterns of macroinvertebrates metacommunity structure differ fundamentally among functional groups, suggesting
that even if functional groups of macroinvertebrates live in the same seagrass ecosystem, share common resources, and
interactwith each other, differentmechanisms determine the functional community structure, which depends on ecological
traits such as dispersal ability and microhabitat selection (e.g., Vellend and Geber, 2005; Chust et al., 2013a).
The results of variation partitioning differed clearly among the functional groups of macroinvertebrate communities.
These functional groups were classified based on differences in ecological traits (an ecological perspective), i.e., dispersal
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Table 4
Environmental variables chosen for canonical ordination (partial RDA)
by the forward-selection procedure conditioned by spatial predictors.
The variables in bold are statistically significant at the 0.05 level, as
calculated by the Monte Carlo permutation test (5000 times).
Variables Partial RDA
λ F ratio P value
Seasgarss-associated group (SA)
Shoot density 0.14 2.92 0.003
River index 0.06 1.96 0.069
Bay-size traits 0.08 2.17 0.018
Bay-mouth angle 0.06 1.83 0.080
Ratio of flowering shoots 0.09 2.12 0.012
Distance from shore 0.09 2.09 0.016
Depth 0.06 1.72 0.083
Maximum length of shoot 0.03 0.81 0.567
Seagrass biomass andmLAI 0.03 1.10 0.365
Drift-faunal group (DF )
Bay-mouth angle 0.07 1.77 0.065
River index 0.04 1.11 0.349
Seagrass species 0.06 1.45 0.175
Depth 0.02 0.57 0.745
Shore angle 0.03 0.64 0.704
Seagrass biomass andmLAI 0.03 1.01 0.417
Benthic-faunal group (BF )
Shoot density 0.10 2.02 0.029
Depth 0.08 1.78 0.071
Distance from shore 0.08 1.97 0.031
Bay-size traits 0.07 1.65 0.096
River index 0.07 1.60 0.100
Ratio of flowering shoots 0.04 1.19 0.302
Seagrass species 0.05 1.20 0.312
Shore angle 0.03 0.92 0.496
Maximum length of shoot 0.03 0.75 0.592
ability and microhabitat selection, across higher taxonomic groups. For example, some gammarid and gastropod species
were classified into the same functional group, the SA group. These results indicate that higher taxonomic groups are
composed of several functional groups that are affected by different processes in the determination of community structure.
This may be because classification based on taxonomy (i.e., an evolutionary perspective) is in conflict between adaptive
divergence and convergence (Bellwood et al., 2004; Wardle and Zackrisson, 2005; Yamada et al., 2010; Hájek et al.,
2011; Brooks et al., 2012; De Bie et al., 2012). Previous studies revealed to be the difficult to detect the generality of
the environmental and spatial processes involved in determining community structure when faunal communities were
classified based on taxonomy. For example, the relative importance of these processes as determinants of algae, bryophyte,
and macroinvertebrate metacommunities in two boreal drainage basins differed among basins as well as among taxonomic
groups, i.e., context dependent (Heino et al., 2012). Similarly, the relative importance of environmental and spatial processes
in fish communities also differed among regions (Cottenie, 2005).
The SA group was classified as the SS + ME metacommunity type. This affirms previous studies in which species
interactions within limited habitats (i.e., seagrass leaves) and related environmental conditions were reported to play a
key role in structuring assemblages at the seagrass patch scale (Hovel, 2003; Boström et al., 2006; Reed and Hovel, 2006;
Chust et al., 2013a). Recent metacommunity studies have also reported that environmental control may be more important
than spatial structuring, although there was much variability among the different study systems (Cottenie, 2005; Mykrä
et al., 2007; Pandit et al., 2009; Okuda et al., 2010; Hájek et al., 2011; De Bie et al., 2012; Heino et al., 2012).
This study revealed that the fraction ofβ-diversity in theDF group (e.g.,mysid anddecapod)was explainedbypure spatial
predictors. This result is consistent with previous studies, although it have been suggested that DF group prefer seagrass
beds as their habitats, i.e., strong association with seagrass (e.g. Boström et al., 2006; Yamada et al., 2007a). For example,
it suggested that habitat selections are similar among mysid species in seagrass meadow (Yamada and Kumagai, 2012).
Namely, many mysid species occur (i.e., increase their biomass) at same sites with same periods (e.g. Barberá-Cebrián et al.,
2002; Yamada et al., 2007b). These supports that the pattern of distribution of mysid species (DF group) could be explained
by space control.
The fraction of β-diversity in the DF and BF groups was explained by pure spatial predictors, and greater than those
of environmental predictors. Thereby, both functional groups were classified into the PD/NM metacommunity type.
Furthermore, the similarity of community structures among sampling sites was greater in the DF group than in the SA
and BF groups (Fig. 3). Such a decline in community similarity with distance (i.e., distance-decay of similarity) is one
characteristic of PD/NMmetacommunity dynamics (e.g. Nakaoka et al., 2005; Tsujino et al., 2009). This is the primarily report
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to suggest the importance of spatial structuring underlying processes in the determination of the functional community
within a taxonomic group, although the explanation ofβ-diversity by pure spatial predictors has been shownonly in unusual
circumstances and/or particular faunal groups, such as marine amphipods living in a polluted area (Fiorentino et al., 2012)
and the oribatidmite community (Lindo andWinchester, 2009)when a taxonomic classification schemewasused. This study
supports the presence of the PD/NMmetacommunity dynamics inmacroinvertebrates within a regional community by field
observation (e.g., Martiny et al., 2011; Chust et al., 2013b). This will contribute to understanding the relative importance of
deterministic and stochastic processes in the determination of local and regional community structures with the dispersal
limitation, leading to the mechanisms of neutral theory (Hubbell, 2001; Holyoak et al., 2005; Logue et al., 2011). Further,
empirical approach for test of neutrality such as the species abundance distributions (e.g., Jabot and Chave, 2011; Chust
et al., 2013b) are required for more rigorous elucidation.
From the perspective of macroinvertebrate functional diversity, the different patterns of metacommunity structure
among functional groups shown in this study could be explained by the variation in ecosystem functions performed by
the faunal community in different seagrass patches. For example, the small contribution of environmental controls in
determining community structure in the DF and BF groups, but their strong association with seagrass patches (as reported
by Barberá-Cebrián et al., 2002; Yamada et al., 2007b; Yamada and Kumagai, 2012), implies that the existence of patchy
seagrass alone – without consideration of the vegetation traits – determines the community structure of the DF and BF
groups. If so, the existence of more or less patchy seagrass should elicit the assembly of the DF and BF groups and thus
ensure the ecological functions provided by these functional groups. In contrast, the seagrass vegetation dynamics influence
the provision of ecological functions by the SA group, because environmental controls make a greater contribution in
determining community structure in this functional group (e.g. Reed and Hovel, 2006; Yamada et al., 2007a). These findings
suggest that the existence and/or dynamics of patches of seagrass (e.g., Vellend andGeber, 2005; Phinn et al., 2008; Yamakita
et al., 2011; Chust et al., 2013a)may affect the variation of functional groups, that is, patch dynamicsmay ensure the variation
of ecosystem functions provided bymacroinvertebrate communities. In support of this idea, Yamada et al. (2011) concluded
that the functional diversity of the macrocrustacean community in seagrass ecosystems is the variable at the local patch
scale, but homogeneous (i.e., occurrence of functional redundancy) at the regional scale (e.g. Matsuzaki et al., 2013; Sasaki
et al., 2014).
The particular environmental and spatial parameters explaining the β-diversity of each functional group in this study are
in accord with previous studies (Boström et al., 2006; Reed and Hovel, 2006; Yamada et al., 2007a, 2011). For example, the
β-diversity of the SA and BF groups were both explained by shoot density and distance from shore (Table 4), indicating that
the niche axes important in determining community structure are similar between these functional groups. Both functional
groups inhabit the plant body of seagrass (SA group on leaves, BF group around belowground rhizomes), although their
mobility and microhabitat selection differ. For example, many previous studies found that C. acanthogaster, Paradexamine
spp., and C. jessoensis, as the SA group, were strongly associated with shoot density (e.g. Boström et al., 2006; Yamada et al.,
2007a). Furthermore, the β-diversity of all three functional groups was influenced by the same spatial parameter, PCNM 1
(Table 3), indicating that the spatial controls determining community structure are similar among these functional groups.
Although their mobility differs, the dispersal limitation and/or dispersal range may be similar among functional groups. On
the other hand, environmental parameters explaining the β-diversity differed among functional group (Table 4). Especially,
environmental parameters explaining the β-diversity of the DF group differed greatly from the other functional groups,
suggesting that niche axes important (i.e., key environmental factors) in determining community structure can differ among
functional groups even if the groups live in the same ecosystem.
In this study, we used the state of seagrass vegetation and its geographic arrangement as environmental predictors.
Many previous studies also focused on the state of the water environment (e.g., physiochemical parameters, such as
salinity and dissolved oxygen) when evaluating the relationship between macroinvertebrate community structure and
environmental factors (e.g. Boström et al., 2006; Yamada et al., 2007a). We did not use these parameters because their
values fluctuate widely over short periods at the meso-scale, and we would have been unable to quantify them accurately
at our sampling sites. However, we assumed that geographic traits at the local scale may reflect the variations in the water
environment (i.e., the parameters may show a collinear relationship). In the variation partitioning analysis, the influence of
these unpredictable environmental conditions is included in the fraction of spatial factors or the residual (unexplained)
fraction. Although it is difficult to quantify all the environmental factors related to the niche explanation, we cannot
accurately evaluate the influence of environmental conditions which are not measured. Therefore, this study is worthwhile
as description of revealing the pattern (but not the process) of determining community structurewith limitedmeasurements
(i.e., our knowledge) for the niche explanation in present state of community ecology (Hawkins, 2012).
In conclusion, our findings help to explain the relative contributions of environmental controls (related to niche differen-
tiation) and spatial controls (associated with dispersal) in determining the community structure of threemacroinvertebrate
functional groups in a seagrass ecosystem. Along the Sanriku coast of Japan, the community structure and metacommunity
type differed among the functional groups, which were classified based on differences in dispersal ability and microhabitat
selection. The SA group, which lives on seagrass leaves, was under the greatest influence of environmental controls, as re-
ported in previous studies (e.g. Cottenie, 2005; Hájek et al., 2011; De Bie et al., 2012; Heino et al., 2012; Chust et al., 2013b). In
contrast, the fractions of β-diversity in the DF and BF groups, which are mobile and/or free-living, were explained by purely
spatial predictors. These results indicate that even if macroinvertebrate communities live in the same ecosystem, different
mechanisms determine the community structures, which depend on ecological traits such as dispersal ability and micro-
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habitat. Furthermore, our findings also suggest that different assembly patterns in local seagrass patches among groupswith
different ecosystem functions may enhance the variation of functional strength among habitat patches.
On 11 March 2011, a mega-quake that measured 9.0 on the Richter scale occurred off the Pacific coast of Japan (Tohoku
Region Pacific Coast Earthquake). Unfortunately, the earthquake generated a devastating tsunami,which resulted inmassive
destruction of human communities along the Sanriku coast, as well as the disappearance of the contiguous seagrass patches
in our study area (e.g., Ishiguro et al., in press). The loss of both habitat and the connectivity between seagrass patches
(i.e., the spatial control) will likely affect the various species as well as the functional diversity (also functional strength)
of the macroinvertebrate communities in this region (e.g. Wiens, 1976; Bascompte et al., 2003; Hovel, 2003). The data that
we collected in the seagrass beds along the Sanriku coast before tsunami impact provide a good baseline for future studies
that aim to predict the ecological impacts of tsunami disturbance and to conserve the biodiversity threatened by both the
tsunami disturbance and human activity related to earthquake reconstruction.
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